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Summary

The potential to reverse diabetes has to be balanced

against the morbidity of long-term immunosuppression

associated with transplantation. For a patient with renal

failure, the treatment of choice is often a simultaneous

transplant of the pancreas and kidney or pancreas after

kidney. For a patient with glycaemic instability, choices

between a solid organ or islet transplant have to be

weighed against benefits and risks of remaining on insulin.

Results of simultaneous transplant of the pancreas and

kidney transplantation are comparable to other solid-

organ transplants, and there is evidence of improved quality

of life and life expectancy. There is some evidence of bene-

fit with respect to the progression of secondary diabetic

complications in patients with functioning transplants for

several years.
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Introduction

Diabetes is the pandemic disease of the modern era,
with an estimated UK prevalence of over 5 million
sufferers by 2025. Ten percent of these patients have
type 1 diabetes mellitus with currently over 400,000
type 1 diabetes mellitus patients in the UK, of which
29,000 are children.1,2 Despite the prevalence, mor-
bidities and associated significant financial burden,
diabetes treatment options have changed little since
the introduction of injectable insulin.

To date, over 40,000 pancreas transplants have
been performed globally. It remains the only known
method for restoring glycaemic control and thus
curing type 1 diabetes mellitus. The procedure has
been shown to reduce and in some cases reverse dia-
betic complications. Many type 1 diabetes mellitus
patients have significant renal failure, so offering sim-
ultaneous pancreatic and kidney transplant, treats
both problems with a single operation. Despite this,
little is known about this life-altering procedure out-
side the specialty of transplantation.3,4

The aim of this review is to bring pancreatic trans-
plantation out of the specialist realm, bridging the
gap between primary and secondary care, informing
all practitioners and non-specialists regardless of level
and background about this important procedure, so
that they feel better equipped to refer suitable
patients for transplantation and counsel, and support
them afterwards.

Methods

The authors independently assessed the articles
according to pre-determined criteria (articles in
English), and suitable articles were retrieved
from inception to July 2015. The OVID interface
was used searching the EMBASE and MEDLINE
databases. Articles were summarised identifying
key features to provide a reference database of
28 articles. Other sources of data included confer-
ence proceedings and guidelines, including unpub-
lished data from our institution (West London
Renal and Transplant Centre).

History

Experimental transplantation of the pancreas in ani-
mals began in the 1890s, where it was shown that
solid-organ transplantation could cure diabetes. In
1893, an attempt was made to graft three pieces of
sheep pancreas into the subcutaneous tissue of a dia-
betic child. Despite initial success, the patient died
after 3 days because of severe ketoacidosis. The first
successful human pancreatic transplant was per-
formed in 1966 by Kelly and Lilihe at the
University of Minnesota Hospital 3 years after the
first kidney transplant.5,6

Progression of pancreatic transplantation was
slow due to ineffective immunosuppression, issues
with rejection and surgical complications. Early sur-
gical ideas promoted the drainage of exocrine secre-
tions into the bladder, using urinary amylase to
monitor function. This, however, caused multiple
complications ranging from chemical urethritis and
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stenosis to increasing risks of perforation, reflux pan-
creatitis and bladder malignancy.4,7

By the early 1990s, the introduction of cyclospor-
ine and a change in surgical technique, which
involved draining pancreatic secretions into small
bowel using a duodenal conduit, provided an effective
method resulting in better outcomes. Over 80% of
procedures are currently being performed using
enteric drainage with successful outcomes.4

Currently, there are four types of pancreatic
transplant.

1. Pancreas transplant alone: Primarily for type 1 dia-
betes mellitus with frequent and severe episodes of
hypoglycaemia, who may be unaware, have
impaired quality of life, or other issues that lead
to non-compliance with insulin therapy. These
patients tend to have adequate renal function
and no uraemia. Patients with a glomerular filtra-
tion rate of 80–100mL/min/1.73 m2 are unlikely to
need a kidney transplant.8,9

2. Simultaneous pancreas–kidney transplant: Organs
come from the same deceased donor.
Simultaneous pancreas–kidney transplant indica-
tions have been adapted by the UK Transplant
Kidney and Pancreas Advisory Group and include
type 1 diabetics with end-stage renal failure requir-
ing immediate dialysis or within 6 months.10

3. Pancreas after kidney transplant: Deceased donor
pancreas transplant is performed after a previous,
and different, living or deceased, donor kidney
transplant. Pancreatic after kidney transplant is
indicated for those patients who would qualify
for a pancreas-alone transplant and those with a
previously viable kidney allograft. The benefits
include a reduced waiting time and reduced mor-
tality rate when compared to simultaneous pan-
creas–kidney transplant patients.11

4. Simultaneous deceased donor pancreas and live

donor kidney has the benefit of lower rate of
delayed graft function than simultaneous pan-
creas–kidney transplant and significantly reduced
waiting times, resulting in improved outcomes
compared to patients waiting for an simultaneous
pancreas–kidney transplant.10,12

Pancreas donation

The pancreas transplant waiting list in many coun-
tries is growing, with the NHS Blood and Transplant
showing over 250 patients waiting for transplantation
in March 2015. Donors with a body mass index
greater than 35 kg/m2 have higher fatty infiltration
of the pancreas, which is a risk factor for failure.

Few absolute contraindications to donation exist,
but donor obesity is the most common reason for
organ refusal as pancreas steatosis is associated
with graft pancreatitis and fistula formation, leading
to poorer outcomes.3,4,13,14

The majority of pancreas grafts are retrieved from
heart-beating deceased brain-dead donors, with an
increase in numbers seen from non-heart-beating
donors after circulatory death or from living
donors. Overall, solid organs offered for pancreas
transplantation remain underused due to the strict
acceptance criteria of transplant units. The accept-
ance criteria include body mass index, age of donor,
alcohol and lifestyle factors, and vary greatly between
units.13,14

Procedure

A pancreas, and a kidney if needed, from the same
donor can be transplanted serially or simultaneously.
The pancreas-alone procedure takes 3–4 h, while the
combined procedure takes 6–8 h. The pancreas is
placed on the right side of the abdomen and the
kidney on the left. The native pancreas and kidney
remain in place. The operation involves connecting
the blood vessels of the new pancreas to the iliac ves-
sels, which supply the lower limbs. As the pancreas
has two arterial supplies, a ‘Y’ graft is created using
donor arteries to allow both to be supplied from a
single arterial anastomosis. In addition, a connection
between the small intestine and the pancreas is made
to drain the digestive juices that the pancreas pro-
duces; this is done using a piece of donor duodenum
which is already joined to the pancreatic head. All of
this is performed through either one incision in the
abdomen or two along either groin15 (Figure 1).

Current eligibility for transplant (Table 1) is strict,
but invariably requires the patient to have insulin-
controlled diabetes. NHS Blood and Transplant
acknowledge that these criteria may exclude a
minor subset of patients who would be appropriate
for transplantation. These cases are assessed on an
individual basis by the Pancreas Advisory Group
exemptions panel after being approached by the
local transplant centre. Age is not an absolute contra-
indication to surgery; however, the majority of
patients are aged less than 65 years as potential to
reverse diabetic complications reduces with age.
Rejection rates remain lower in younger recipients,
and older recipients have an increased rate of post-
operative complication with longer length of hospital
stay.4,13,15

Various antibody induction therapies and complex
immunosuppression regimes are used, which include
CD25 antibody Basiliximab and Alemtuzumab that
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targets CD52, and are also used in the treatment of
chronic lymphocytic leukaemia. The reduced ability
to fight infection requires vigilance to avoid sepsis.
Patients are often spared steroids where possible
and discharged on Tacrolimus and Mycofenolate
Mofetil, most commonly, to maintain immunosup-
pression. The common side effects of the immunosup-
pressant drugs include tremors, increased blood
pressure, hair loss, mood changes and neutro-
penia.16,17 They will also usually be taking antimicro-
bial and antiviral agents for up to 6 months following
transplant.

Complications

As in all surgery, there is a risk of bleeding, occurring
in approximately 5% of patients. The most common
cause of non-immunogenic graft failure is thrombosis
with a reported incidence in literature of 10–35%, but
the appropriate use of anticoagulants such as
Heparin, Dextran or Epoprostenol aims to reduce
the rate of thrombosis.18

Other risks include enteric anastomotic leak, graft
pancreatitis, pancreatico-enteric fistula and intra-

abdominal sepsis. These may increase length of stay
in hospital and require further intervention. Further
risks are similar to other surgical complications asso-
ciated with large operations.15 Careful observation,
regular imaging, use of anticoagulants and antimicro-
bial agents all minimise complications through
prophylaxis and early detection. Optimising
patient and organ selection are also important for
success.

Cardiac morbidity and postoperative infections
are the most common issues faced by recipients.
Coronary artery disease should be treated early,
with routine angiogram and echocardiograms becom-
ing part of the preoperative assessment as 30% of
asymptomatic patients with type 1 diabetes mellitus
have substantial coronary stenosis on angiography.19

Rejection rates are in the range of 5–25% depend-
ing on what immunosuppressive regime is used, with
Tacrolimus and Mycofenolate Mofetil being the
most common agents used to maintain immuno-
suppression. Acute rejection is an important risk
factor for developing chronic rejection (10% for
pancreas transplant alone and 4% for simultan-
eous pancreas–kidney transplant). Treatment with

Figure 1. Solid organ pancreas with vessel extension and diagramatic representation of operation.

Table 1. Eligibility criteria for pancreatic transplantation.

Transplant type Eligibility

Pancreas transplant alone � Insulin-treated type 2 diabetes mellitus with body mass index �30 kg/m2 or

� Type 1 diabetes mellitus with at least two severe hypoglycaemic states

within last 24 months and be specially assessed as having disabling

hypoglycaemia

Simultaneous kidney pancreas

transplant

� Pancreas transplant alone requirements and

� Receiving dialysis or glomerular filtration rate <20 mL/min
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Methylprednisolone or antithymocyte globulin is
commonly used in this instance. This said, more
than 90% of pancreas rejection episodes are revers-
ible in the absence of hyperglycaemia. But once
hyperglycaemia occurs, it is associated with a low
probability of reversal of rejection, making monitor-
ing of blood sugar an important.4,16

Patient survival

Patient survival has now reached more than 96% at 1
year after transplant, and more than 83% at 5 years
after transplant, with the longest surviving graft rec-
orded as simultaneous pancreas–kidney transplant 26
years, 24 years pancreas after kidney and 23 years for
pancreas transplant alone.4

Pre-emptive simultaneous pancreas–kidney trans-
plant recipients have better survival outcomes com-
pared to those already established on dialysis. The
main advantage of simultaneous pancreas–kidney
transplant apart from it being a cost-effective option
is the overall success rate of grafts as acute rejection is
easier to detect in both organs using serum creatinine as
a marker.4 Acute rejection rates are similar for simul-
taneous pancreas–kidney transplant andpancreas after
kidney, estimated at 4% and 4.3%, respectively.15,26

Simultaneous pancreas–kidney transplant has
been shown to increase observed versus expected life-
span, when compared to kidney transplant alone.
Simultaneous pancreas–kidney transplant recipients
had the highest longevity, 23.4 years compared with
20.9 years for live kidney transplant and 12.8 years
for deceased donor kidney transplant.15,26

Evidence shows pancreas after kidney recipients
have improved patient and kidney graft survival as
a result of pancreas transplantation, with significantly
higher glomerular filtration rates seen in pancreas
after kidney patients compared with kidney trans-
plant alone.11

Patients often experience significant improvements
in quality of life.20 A greater satisfaction with life,
health, social and sex life, having more feelings of
control and independence and better perceptions of
social and mental health have been documented.20

There also seems to be a strong consensus that
immunosuppressive regimes are easier to manage
than type 1 diabetes mellitus.21

Biological improvement

The Diabetes Control and Complications Trial
showed pancreas transplantation lowers HbA1c to
within normal limits even after 10 years, with mean
HbA1c at 6 years being 42mmol/L compared to
55mmol/L of those being treated by intensified insulin

regimes, thus restoring glycaemic control, with several
studies reporting improvement of lipid metabolism.22

The established lesions of diabetic nephropathy
had been considered to be irreversible, but in 1998,
Floretto et al.23 published a series of eight type 1
diabetic patients with advance nephropathy who
underwent pancreas transplantation, having serial
biopsies at time of transplant, 5 years and 10 years
post-transplant.

The diabetic glomerulopathy lesions, unchanged at
5 years post-pancreas transplantation, significantly
improved after 10 years, with complete normalisation
of glomerular structure, reduction in thickness of
basement membrane and improved creatinine clear-
ance in most patients, suggesting the human kidney
has the potential to remodel glomerular and tubular
structures promoting healing.23

Pancreas transplantation restores glucagon secre-
tion, returns hepatic glucose production to normal
and improves lipid profiles. This translates into
clinical improvements with respect to diabetic
nephropathy, neuropathy, gastroparesis, retinopathy
(microvascular and macrovascular disease), cardiac
function and sexual function.24

Patient follow-up

Regular examination and blood are an important
part of the post-hospital period, both in the out-
patient and primary care setting. In the commu-
nity, vigilant practice and effective communication
with the transplant centre can help with diagnosing
complications such as sepsis and rejection.
Monitoring of blood sugars and amylase levels is
essential as sharp rises in these markers are signs
of problems. Having a low threshold for the treat-
ment for infection, appropriate vaccinations during
travel and the assessing patients promptly are
essential in avoiding hospital stays. Drug inter-
actions and poly-pharmacy are another important
issue practitioners need to be aware of when
managing patients.

Islet cell transplantation

Currently, implantation remains a technically much
simpler procedure, avoiding the complications and
risks associated with solid-organ transplant.
However, the refinement and isolation of islet cells
have been a limiting factor, with studies quoting
from 300,000 to 750,000 islets required for 70% of
patients to be insulin independent. Some studies sug-
gest around 1 million islets are needed for an average
islet transplantation. Up to six purified donor pan-
creases are required to generate 1 million islets, which
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becomes an issue when donor organs are in short
supply.25

A major difference between islets and pancreas
transplantation is that the primary goal of current
islet trials is not insulin independence but reduced
incidence and severity of hypoglycaemic events and
reduction in insulin requirement, which is a difficult
concept to digest in view of the sensitisation effect, as
several doses of islets may need to be delivered in
order to achieve full insulin independence.26

Future of pancreatic transplantation

Segmental pancreatic transplant from live donors
has been reported in the USA. The success of this
concept potentially bypasses the issues surrounding
organ shortage, in the same way live kidney trans-
plant and live segmental liver transplant have
provided further options for patients on the
waiting list.27

As technology advances, new devices to improve
blood glucose monitoring and insulin therapy are
being developed to reduce the risk of hypogly-
caemia. Continuous glucose monitoring through a
closed-loop pump are aiming to become an artificial
pancreas although currently are still not yet
refined.26,28

Advances over the last decade suggest that gen-
erating functional beta-cells from stem cells is
achievable. However, there are aspects of beta-
cell development including the signalling pathways
that instruct endocrine progenitor cells to differen-
tiate into mature and functional beta-cells which
remain poorly understood. These ideas combined
with ideas of biological printing using the extracel-
lular matrix as a scaffold to recreate a new bio-
logical pancreas are exciting, and although have
their challenges may change the way transplant is
performed.28

Conclusion

Pancreatic transplantation is growing and has quickly
become the gold standard of care for patients with
type 1 diabetes mellitus and renal failure. Significant
improvements in quality of life and life expectancy
make pancreatic transplant a viable and economically
feasible intervention. It remains the most effective
method of establishing and maintaining euglycaemia,
halting and potentially reversing complications asso-
ciated with diabetes.

Being better informed about the benefits and risks
of this procedure allows doctors to advise, inform
and refer patients for transplant and to manage the
challenges their patients go on to face.

A patient’s view

I have been type 1 diabetic since the age of 7
years, although it was only with the onset of
my renal failure, that it became more
troublesome.
I found the idea of curing diabetes exciting and

found the surgical process fairly easy to manage
and recover from.
The pancreatic transplant was a real life-

changer not only for me but, more importantly,
for my friends and family.
My sugar control was good but my parents and

partner always worried it might drop and some-
thing might happen to me and I would be unable
to get help.
My employers also, I think, were always con

cerned that my sugar might drop at work.
Having to always worry and think about blood
sugars is hard and was imprinted on me from an
early age.
I have lived with the dichotomy of keeping tight

control on my blood sugars so as not to shorten
my life but also to make sure I do not let anyone
down.
Much more than not having to inject or check

blood sugar, the removal of this stress on me, my
employers and my friends and family has
improved my life significantly. I wish more
people knew how to get access to treatment,
and more GPs were aware of it.

Information for patients

http://www.nhsbt.nhs.uk/
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